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THE DIFFUSION OF FERTILIZER IN ETHIOPIA: 
PATTERNS, DETERMINANTS AND IMPLICATIONS* 
by Bisrat Aklilu 
The lively agricultural debate of the last ten years, regarding the 
potentials, contradictions and consequences of the so-called "Green 
Revolution" - the synergetic adoption of the new high-yielding varieties 
of grain with the associated package of fertilizers, chemicals, irrigation -
has led to the critical examination of many development strategies and 
policies.l The Green Revolution, which was optimistically promoted as the 
answer to such problems as food grain shortage, labor underutilization, 
landlessness, or rural-urban migration, at the beginning of this debate, is 
now regarded suspiciously as having intensified rather than solved these 
and other problems associated with change, 
The majority of the African countries have participated neither in 
the development nor in the results of the new technologies in any signifi-
cant scale, Cort,,sequently, they tend to regard the debate as strictly an 
"Asian Drama." These countries, laying undue stress on their relatively 
favorable land-to-labor ratio, continue to look at their seemingly abundant 
land as the primary source for increasing their food supply. Indeed, the 
limited production statistics available seem to support their contention. 
*An earlier version of this paper was presented to the regional meeting 
of the.New England-St. Lawrence Valley Association of American Geographers, 
The field research was supported by a gnant from the African-American 
Scholars Council, Inc. I am grateful to John Harris and Oldrich Kyn for 
their assistance with an earlier draft, 
In Sub-Saharan Africa, where cereal production constitutes over 50 percent 
of the total production of major staples, 90 percent of the cereal output 
increase during 1960-1975 was accounted for by an expansion of area culti-
vation, compared to 10 percent accounted fdr by yield increase, 2 
This increase, which has av:erageed -about 1. 3 percent a year during this 
period, is,however, outstripped by the 2,6 percent population growth the 
region continues to experience. The output and demand projections that 
have been undertaken by the International Food Policy Research Institute 
(IFPRI) indicate that Sub-Saharan Africa's 1975 net food deficit of 2,2 
million metric tons would increase, at the minimum, five-fold to 12,4 
million tons by 1990, 3 Even if we question the assumptions made by these 
macro-projection exercises and the degree of accuracy of the figures, the 
overall magnitude is clearly indicative of the basic fact that these alleged 
"land-surplus" countries will have to adopt yield-increasing technologies 
on a wider scale to meet their growing food demand, 
Could these late-comers to the new technologies readily use the exist-
ing agronomic packages that have already been developed by the various 
national and international agricultural research institutes? Or do they 
have to invest scarce human and other resources in the development and 
generation of location-specific technologies? Given· the enthusiastic 
promotion of various package projects in many parts of Africa in the last 
years, the answer is evident, It is explicitly or implicitly believed 
that appropriate technologies exist and that the major task facing Afican 
nations is the relatively simple one of devising a mechanism to diffuse 
the existing technologies, 
In fact, one could generalize that the policy of many LDCs toward the 
problems of food production and overall agricultural growth rests on the 
following twin assumptions. First, that our technology-shelf is well stocked 
3 
with operational and profitable innovations, and second, that we have an 
4 
adequate understanding of the food production system at the micro level. 
Based on these assumptions, various "national strategies" have been devised 
to diffuse widely a given standardized agronomic package across hetero-
geneous areas, As one might suspect, the benefits and results of such 
campaigns often fall far short of their associated costs and ambitious 
targets, 
Using data from Ethiopia,, this paper examines the reasons for the 
success in some areas and the failure in others of one such "national 
strategy," the Minimum Package Program ( hereafter referred to as MPP) . 
The study will attempt to answer the following two questions. First, what 
has been the pattern of fertilizer adoption of the twenty MPP areas (here-
after referred to as MPPAs) located in the different provinces of the 
country? Second, what are the determinants of the differential adoption 
rates of these MPPAs? In the absence of an economic analysis of this 
diffusion process, the observed difference among the MPPAs has been attri-
buted to popular and catch-all "non-economic" reasons - cultural differences, 
irrationality of the adopter units, motivation of the projects' administra-
5 
tors, etc, In answering these questions, my objective is to show that 
the current technology-shelf is not as well stocked as is commonly believed, 
and that development agencies need to increase their investment in agri-
cultural research so as to generate location-specific innovations. Before 
presenting the empirical results, the following sections briefly present 
the main features of the MPP, the theoretical model used, the data source, 
and the specification of the variables. 
The Minimum Package Program 
Until the mid-1960s, Ethiopia did not have a well-defined strategy or 
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approach towards the preponderant peasant agricultural sector, Given the 
bias of its national planners ·toward urban and capital-intensive investment, 
a bias nurtured and developed in the then widely accepted strategy of import 
substitution, agricultural development was understood as the development 
of large-scale, capital-intensive commercial farms. 
As is characteristic of plantation economies, these farms became an 
oasis of modernity a.midst a feudal or nomadic setting, Though their contri-
bution, particularly ·in saving and/or earning foreign exchange, cannot be 
minimized, they.provided little benefit to the physically adjacent peasant 
farms; With the realization that development could not be initiated and 
successfully sustained without the participation of the rural masses, there 
was a·gradual changec of emphasis from large-scale commercial agriculture 
to the subsistence peasant sector, 
The first concrete step in implementing the. new policy was undertaken 
in 1967 with the help of the Swedish International Development Agency (SIDA). 
Encouraged by experiences from India's IADP and Bangladesh's Comilla, SIDA 
agreed withthe Ethiopian government to start a "package method" experiment 
and ·the project, the Chilalo Agricultural Development Unit (CADU) was 
started, Focusing on the Chilalo sub-province, CADU provides an intensive 
and integrated list of services in an attempt to bring about economic-13,nd 
social development. Some of the important services are: the provision of 
credit for the purchase of inputs like fertilizer, improved seed, pes.ticide, 
and improved farming tools; an .extension service to demonstrate the new 
inputs and farming techniques and to encourage their adoption; the develop-
ment of trade centers for the marketing of inputs and outputs; the building 
of all-weather feeder roads and water supplies; a complete veterinary ser-
vice; the promotion of cooperatives so as to involve the farmers in the 
making of decisions that will affect them; women's extension services 
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ranging from basic hygiene to the teaching of skills; and youth services, 
Because of the multiplicity of its functions, CADU is referred to as a 
6 
Comprehensive Package Program, 
Though CADU's initial objectives reflect a desire to transform the 
economic and social system of the region through a dynamic interaction of 
technological change and mass:mobilization~participation, socio-political 
realities of Ethiopian feudalism - particularly the land tenure system -
eventually forced it to be a purely production-oriented project with limited 
social concern, Yet, its success in significantly raising land producti-
vity and thereby ameliorating the country's growing food deficit was 
responsible for the establishment of similar comprehensive projects 
in other regions - Wollamo Agricultural Development Unit, Ada District 
Development Project, and Humera Agricultural Development Project, 
Projects that tie up so much of a poor country's limited resources should 
ideally benefit as much of the rural population as possible, But the high 
cost of these comprehensive projects and their high requirements for skilled 
man-power limit their expansion to many regions, Thus, a less costly 
mechanism had to be found which, while containing the essential elements 
of CADU, could be duplicated and implemented throughout the country. This 
turned out to be the Minimum Package ProgrSllltJle. 
The MPP, begun in 1971, was to be the outlet for spreading those inno-
vations developed and tested in the comprehensive projects and research 
institutes. To this end, it provides credit to small farmers for the 
purchase of fertilizers, improved seeds and pesticide, provides extension 
services , and establishes cooperatives, 
It may be useful to describe a representative Minimum Package Programme 
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.Area, Headed by one supervisor, who is generally an Agricultural College 
graduate, each MPPA is expected to service 10,000 farmers, The MPPA will 
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be situated along a major all-weather highway extending 75 km. and 3 to 5 
km, on either side of the road. It is divided into 5 extension areas 
(every 15 km,) each staffed by a marketing assistant, in charge of credit 
operation and input distribution, and an extension agent, who is responsible 
for the adoption of the innovations by the farmers. The agent utilizes 
two supports in introducing innovations, the model farmers and a one-hectare 
trial and demonstration field, 
Three years of preparatory work is undertaken before an MPPA:is started. 
Once an area is selected along an all-weather road, it is designated as an 
"observation area" and fertilizer and_variety trials are conducted. If 
satisfactory results are achieved, the area becomes a "demonstr . .a-tion area." 
During this year, the attitude and interest of the farmers towards the 
innovations are studied through demonstration and limited extension and 
credit services, If the response and potential is regarded as positive, 
the area becomes a full MPPA in the fourth year. 
As of September 1974, the time of this study, 48 MPPAs, 26 demonstration 
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areas, and 28 observation areas were in operation. The project was a 
nation-wide scheme operating in all provinces except Arussi, where CADU is 
located, The plan calls for the starting of 10 new MPPAs every year. By 
1980, some 400,000 farm families are expected to participate in the pro-· 
gramme. Since research has so far focused on cereal production, the initial 
MPPAs are mainly concentrated in the cereal-growing highlands. With the 
expansion of research into livestock and other cash crops, the units will 
be extended to the lowland regions as well. Moreover, as areas along the 
major highways are already exhausted, it is an'integral plan of the MPP to 
build feeder roads and to open new extension areas in the hinterland. 
It is instructive to note in passing that both the previous imperial 
government and the present military government encourage the spread of 
7 
the MPP, though for different reasons, The imperial government regarded 
it as an alternative to the much-needed land reform since its yield-increa-
sing potentials offered a vehicle for the conservation and consolidation 
.,. 
of the "ancien regime" of land-owners and tenants within a new and prospel'-
ing agricultural sector, On the other hand, the present military government 
regards the package projects as a means of consolidating its radical policy 
of land and power redistribtution at the local level. While the package 
projects would have been incapable of achieving their ultimate development 
objectives without fundamental land reform, the same is true of land reform 
without the provision of the complementary agricultural inputs. Therefore, 
it is of major interest to examine the course of evolution of the MPP. 
The Model 
Since the establishment of the MPP, the use of inorganic fertilizer 
the yard-stick of agricultural productivity given the high correlation 
between yield per hectare and amount of fertilizer used - has continued 
to increase substantially. (Table 1). 
Table 1 
Fertilizer Use in the MPPAs: 1971 - 1974 
Year No. of Fertilizer Use Average Fertilizer Use 
MPPAs in the MPPAs Nutrient Content in Other Package 
(Metric Tons) in% N and% P2o5 Projects (Metric Tons) 
1971 9 946.o 58.2 4400 
1972 18 2017,4 58.3 4900 
1973 28 3516.7 58.7 7100 
-
1974 48 6572, 6 61.8 7600 
V 
Yet, observing the fertilizer consumption data of the twenty MPAAs 
over a four year period (l97l-l974) it is clear that the same fertilizer 
package was not uniformly adopted in all areas. This differential rate 
of adoption is, of course, not unique to either the MPP or Ethiopia. It 
is'the fundamental problem that has to be faced once a new innovation is 
introduced in a social system, 
It has been shown that processes such as the adoption of innovations 
which.increase through time slowly at first, then~apidl:v:,and slowly again 
to an equilibrium level can easily be analyzed by mathematical growth 
functions, This study uses the logistic function which is one of the most 
widely-used diffusion functions.lo 
The logistic function is given as: 
K 
p = 
-------
(l) 
where Pis the percent of area fertilized in each MPP, K is the percent of 
area that will ultimately be fertilized at equilibrium, tis time, a is 
the constant and bis the rate of growth coefficient. The function is 
based 6h the assumption that the diffusion rate depends on (l) the level 
of diffusion already achieved, and (2) the difference between the equilibrium 
level and the existing level of diffusion. Moreover, the logistic curve is 
symmetric at its point of inflection as it reaches its highest incremental 
rate of growth at 50 percent of its equilibrium level. This is an important 
characteristic that distinguishes 1t from other growth curves like the 
ll 
Gompertz or the Modified exponential curves. 
Normally, the logistic curve is investigated in terms of the parameters 
a and band the variable K, representing the origin, the rate of adoption 
and the final level of adoption, respectively. Since this study was under-
taken before the adoption process was completed, we do not know the possible 
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value of K, the ceiling, for the different MPPAs. It is of course possible 
to estimate K for each area, along with the parameters a and b through a 
non-linear regression. But the problem of estimating three parameters from 
four observations is readily apparent. Though this problem of degrees of 
freedom could be overcome by pooling the time-series and cross-section data, 
I have chosen to set a uniform K for all the MPPAs, since my primary inter-
est is to compare the differential adoption rates of the MPPAs in absolute 
terms, Moreover, the MPPAs are supposed to have very similar, if not equal, 
potential for the adoption of the fertilizer package, in qualifying for a 
full MPPA status. 
The uniform value of K was set at 75 percent for all the areas for the 
following reasons. First, it is highly unlikely that 100 percent of the 
cultivated land will use inorganic fertilizer. Some farmers will continue 
to use organic fertilizer while others will rely on the natural fertility 
of the soil. Second, within a given project area some of the farmers, 
particularly the smaller ones, would be unable to take advantage of this 
yield-increasing input because of lack of access to credit and information, 
and the incentive distorting effect of the burdensome sharecropping tenure 
system. Third, the Extension and Program Implementation Department (here-
after referred to as EPID), the administrator of the MPP, works toward a 
target of reaching 75 percent of the area's farmers even at the project's 
12 
full development, 
In estimating the rates of adoption of the twenty MPPAs and finally 
explaining the differences in these rates, two econometric approaches are 
possible, The first involves a two-step regression analysis. Here the 
rates of adoption are first estimated by regressing the logistic transform 
on time and then the twenty adoption rates can be regressed on some explana-
tory variables, The second approach involves the pooling of the cross-
10 
section and time-series data to estimate the rates of adoption and the co-
efficients of the explanatory variables simultaneously, The two methods, 
will give similar but not identical results. 
Although our analysis will use the second approach, due to its flexi-
bility and large degrees of freedom, Table 2 presents the rates of adoption 
obtained using the first approach. Equation (1) is linearized by dividing 
it by K~P and taking its logarithm, The result will be: 
Log P/(K-P) = a, + b,t + e. l l l (2) 
As the regression was done separately for each MPPA on four observations, 
one should interpret the result cautiously since two parameters are esti-
mated with only two degrees of freedom. Yet it is clear from Table 1 that 
the twenty MPPAs exhibit substantial differences in their rate of ferti~ 
lizer adoption. 
The value of b, the adoption coefficient, indicates by how much the 
value of the logistic transforms changes annually. Except for four MPPAs 
(Gondar, Mekele, Chancho and Digga), the coefficients are all significant 
at the ,05 level, The coefficient of determination for these areas are 
also fairly high. Based on these parameters obtained and setting the ceil-
ing at 75 percent, the logistic curve could be plotted to show the level 
of fertilizer use over the thirteen years, the assumed time of the projects' 
full development. Some MPPAs (like Jimma, Assendabo and Buta Jira) will 
reach the 75 percent fertilizer ceiling in less than eight years, while 
others (like Holleta, Modjo and Kersa) will take thirteen years to reach 
the target, At the other extreme, we find MPPAs (like Baka, Mekele, ft,mbo, 
etc.) that will not reach the 75 percent ceiling even in thirteen years. 
It is important to attempt an objective understanding of the reasons 
for this apparent differential rate of acceptance of fertilizers, I postu-
late that these differences are accounted for by the the differences in 
Intercept Rate of Adoption Standard E=or 
R2 MPPA a b of Regression 
1. Debre Berhan -7 .0711** (. 8508) .7554* (.1707) .6947 .75 
2. Enda Selessie .,.6.1551* (. 8084) .9718* ( .2252) .6600 .84 
3. Finote Selarn -6.0770** ( .6023) .6229* ( .1147) .4917 .80 
4. Gilgel Abay -8.4678** ( .5252) 1. 7521** ( .1918) .4288 .98 
5. Gondar -4.7047** ( .1028) -.0205 ( .0375) .0839 .13 
6. Haik -7.8077** (. 4341) .8943* ( .1585) .3545 .94 
7. Mekele -5.9425** ( .2423) .1999 (.0885) .1978 .72 
8. Wo=eta -8.1299** (. 3442) 1.0661* ( .1257) .2810 .97 
9. Ambo -5.3906** ( .4657) .4959* (.1050) .3802 .81 
10. Assendabo -4.9595** ( .3045) 1.2779** ( .1112) .2486 .98 
11. Bake -5.4172** ( .1191) .2629* (.0435) .0973 .95 
12. Buta Jira -8.9164** (. 4001) 1.8082** ( .1461) .3266 .99 
13. Chancho -4.2914* (. 8274) -.1276 (. 3021) .6755 .08 
14. Digga -3.8466* (. 8127) .0081 (. 2967) .6636 .00 
15. Holetta -5.3175** (. 4213) .7725* ( .1538) .3440 .93 
16. Jlllllla -4.4208* (1.1328) 1.1075* ( .2136) .9250 .78 
17. Kersa -4.9929* ( .6071) .7942* ( .1854) .4959 .87 
18. Modjo -4.3427** (. 2181) .7510** ( .0796) .1781 .98 
19. Tulu Bello -2.7964* ( .4816) .9063* (.1759) .3932 .60 
20. Wolkete -4.8140* ( .6559) .9450* ( .2195) .5356 .89 
** significant at .01 level * significant at .OS level 
Table 2 1--' 1--' 
Fertilizer Logistic Trend Functions by MPPAs 
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(1) profitability of fertilizer (11'), (2) the risk associated with fertilizer 
use (V), (3) the average farm size (F) and (4) the number of extension per-
sonnel (A), The mutiple regression model is thus given as: 
b. = Cl.+ S11. + pV. + oF. + yA. + e. 
l ,1 ·1 1 1 l 
By combining equations (2) and (3) we get the pooled regression model. 
Log == a. 
l 
+ e. 
l 
+at+ S1t.,t + pV,t,+ oF.t + yA.t 
- ·-1 · l ].-- - l 
(4) 
where i refers to the MPP areas and thus ranges from 1 to 20 while tis 
the time variable varying from 1 to 4. 
Specification of Variables 
Profitability: This is measured by the market value of the incremental out-
put due to the use of fertilizer, In Ethiopia, while output price is deter-
mined on the free market, the price of fertilizer is fixed by the government 
and sold to all MPPAs at a uniform price, which entails differential subsidy 
depending on their respective transportation cost. 
The cro:p , prices used were average farm-gate prices from the price data 
given in the Quarterly Supervisor Reports for each MPPA. The crops grown 
in these MPPAs are teff, maize, sorghum, barley, and wheat. The crop price 
used in this study is an average weighted price based on the proportion of 
the total area under specific crops. It is important to note that these 
crops vary widely across MPPAs more than what can be accounted for by 
transfer costs (transportation, handling, etc.), indicating the low level 
of market integration in the different regions of Ethiopia. 
Variability: This is an indicator of the extent of risk facing farmers 
as a result of fertilizing their crops, and is measured by the coefficient 
of variation of yields from fertilized fields, Although EPID had under-
taken fertilizer and variety trials on experimental fields in the different 
regions of the country since 1971, it was not until 1973 that a systematic 
13 
and reliable crop sampling was completed at the MPPA level. 13 Hence, this 
study was forced to use the coefficient of variation from a single year as 
the proxy for risk, Since weather conditions vary more over time, it is 
evident that our measure will underestimate the real risk facing farmers. 
Farm Size: Two sets of figures are available for the average farm size in 
each MPAA, The first, obtained from EPID, is based on "participant farmers" 
while the second, given by the Central Statistical Office (CSO) is based 
on a sample of households in an Awraja (sub-province). The average farm 
size of the former is on the average four times that of the latter, This 
is understandable since one would expect MPP participants in the early phase 
of the program to be the relatively bigger farmers, As time passes, the aver.age 
____ ,,_... .•. 
farm size should decline as more of the smaller farmers participate in the 
program, 
In the absence of a strongly defensible weighting procedure, a simple 
arithmetic average of EPID's and CSO's figures was taken as the average farm 
size in each MPPA, 
Extension Personnel: This variable includes the number of supervisors, 
extension agents, marketing assistants and trade center foremen, serving 
a given MPPA, The figure was obtained from EPID's Annual Report. 14 As 
the extension effort of one agent is rarely the same as another's, it would 
have been more correct to consider not the number of extension personnel 
but the quality of their performance, But such data is not available. 
The Statistical Result 
Table 3 gives us the results of the estimated coefficients (with stand-
ard errors in parenthesis) of the regression model (equation 4) in different 
combinations, It is apparent that these results indictae that the diffusion 
of fertilizer across space and time has not been a random process that defies 
systematic economic explanation. In line with what economic theory would 
Regression of the IDgistic Transfonn en Selected 
Ecananic and Infcmnaticn Variables (Pooled Data) 
Coefficients 
Equation Intercept Tine Prof. Var. flnsize Agent ~ No. a a s p 0 y R2 S.E.R. F 
l -4.2870** .0023** 
.33 • 32 1.384 (.1812) (. 0003) 
2 -5.5987** .5663** .0019** .47 .46 1.246 33. 73** (. 3414) (.1294) (. 0003) 
3 -5.5984** .6330** .0013** -.8224** 
.54 .52 1.158 30.48** (.3171) (.1216) (. 0003) (.2254) 
4 
-5.5985** .8695** .0012** -.8425** -.0445 .55 .53 1.156 23.2 ** (. 3167) ( .2505) (. 0003) (.2265) (. 0412) 
5 -5.6130** .3370 .0012** -.7128** -.0408 .0587** .60 .57 1.107 21.8 ** (. 3033) (. 3063) (.0003) (.2217) (.0395) (. 0210) 
6 -5.6131** .1138 .0013** -.6929** .0595** .59 .57 1.107 26.96** (. 3034) (.2172 ( .0003) (.2210) (. 0210) 
7 -5.5415** .0013** -.6635** .0687** .59 .57 1.102 36.21** (.2696) (. 0003) (.2123) (. 0112) 
8 -5.6566** .0018** 
.0683** .54 .53 1.163 44.42** (.2817) ( .0003) (.0118) 
** significant at .01 level f-' ,,. 
Table 3 
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predict, the diffusion process has been strongly governed by the positive, 
change-inducing effects, of profitability and extension service, and the 
negative, change-restraining effects, of variability, or risk, 
This study, like many previous studies on technological change, shows 
that the. profi tabili tyof fertilizer use accounts for a third of the 
differential adoption of fertilizer among MPPAs. The higher the absolute 
return from fertilizer use, the more easily potential adopters will realize 
its advantage and hence the faster will their rate of adoption be. 
Given the limited risk-bearing capacity of small farmers and the fact 
that adoption, particularly adoption of new agricultrual inputs, is a deci-
sion under extreme uncertainty, our risk variable has the expected negative 
sign and is significant at the .01 level, This confirms the hypothesis that 
the rate of fertilizer adoption will be lower in those MPPAs where the yield 
variability of the fertilized crop is high since higher variance results 
in low expected pay-off, 
The negative sign of the coefficient of farm size indicates the land-
augmenting nature of fertilizer, since higher adoption rates are registered 
in those MPPAs where the average farm size is smaller. Although this 
coefficient is neither statistically significant nor does it contribute 
appreciably to the explanation of the variation of the logistic transform, 
it shows that the innovation and delivery systems have not been large-farm 
biased, 
The coefficient of the time variable can be regarded as the autonomous 
annual changeof the adjustment path. With the inclusion of relevant explana-
tory variables, this coefficient would be less and less significant. 
The importance of the delivery system or information factor in under-
standing the diffusion process is indicated by its significant coefficient 
and its contribution to the coefficient of determination, When this factor 
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is introduced to the rest of the explanatory variables, the time coefficient 
fails to be significant (Table 3, equation 5), 
Once a new technology has been developed, an effective extension system 
is needed to ensure that lack of information and know-how will not act as 
the barriers to adoption, For example, the yield of fertilized crops varies 
significantly wi~~in a given area due to differences in the variety of seeds 
used, in the amount and timing of fertilizer use, and in differences in 
cultural practices, such as seed-bed preparation, weeding, row-planting, or 
sowing time, 15 
The extension service of the MPP has played an important role in 
disseminating the information that is required in realizing the full yield-
increasing potential of the new input. In addition, the extension services' 
important role in accelerating the adoption-diffusion process is further 
increased by the absence of alternative sources of information channels -
radio, pamphlets and private dealers - in these rural communities. 
Overall, the equation that gives us the best fit seems to be number 
7, where 
Log P/(K-P) = -5,542 + ,00111'- .664v + .069A 
( , 2696) ( • 0003) ( • 2123) ( . 0112) 
This equation has the highest R2 and the lowest Standard Error of Regression, 
The three variables --11rofitability) variability and extension service 
explain 57 percent of the logistic transform and all their coefficients are 
significant at the .01 level, In dropping time and farm size from the 
equation the F test was carried to test the null bypothesis thatO!. = 6 = O. 
Since the calculated F (2,78) which turned out to be ,70, is below the 
table F of 3,13, we cannot reject the null hypothesis. 
Finally, a comment is required on the apparent discrepancy between 
the two alternative econometric approaches discussed earlier, In the two-
step regression analysis, equation 2 specifies that ai, the intercept, as 
l7 
MPPA-specific (Table 2) while the results reported, on the basis of the 
pooled data (Table 3), impose a single intercept for all the MPPAs. It is 
because of this difference that I had maintained that the two approaches 
are comparable but not identical, In order to determine the effect of 
imposing a single intercept on my results, the regression analysis on the 
pooled data was performed with the MPPA specific intercepts. The result 
from this procedure was similar to those reported above and corroborates 
the major conclusions, Since the focus of the paper is on the differential 
adoption pattern and not on the differential intercept and origin parameter, 
it seemed unnecessary to discuss thisissue at greater length. 
Conclusions and Policy Implications 
' 
The objective of this study was to examine the pattern of fertilizer 
diffusion and the determinants of the differential adoption rates among 
the twenty MPPAs located in the various provinces of Ethiopia. It has been 
argued elsewhere by the author that a diffusion process like this one 
depends on the dynamic interaction of factors that come from three sub-
systems - the innovator, the delivery and the adopter subsystems. 16 Three 
key variables from these subsystems - profitability, risk,and extension 
service - were found to be the major factors that governed the adoption-
diffusion process, 
Many of the government's policies towards the agricultural sector have 
undoubtedly influenced the particular pattern of fertilizer use that was 
observed in these MPAAs. These include agricultural price policy, credit 
policy, taxation policy, and investment policy, all of which have important 
bearing on the dynamics of an adoption-diffusion process. While these are 
all "conventional" policies that are routinely discussed in the context of 
development, the importance of investment in agricultural research has not 
been given due attention ... Consequently, I shall briefly comment on the 
18 
policy parameters affecting profitability and then focus on the important 
issue of investment in adaptive research, 
Profitability of Fertilizer Use 
The literature dealing with the various dimensions, features and com-
plexity of the relationship between agricultural prices and output is both 
exhaustive and impressive, Practically all the studies uniformly show the 
responsiveness of producers to price changes, 17 In its attempt to ac-
celerate the adoption rate, the Ethiopian government had also realized that 
the profitability of fertilizer use depends on the price of fertilizer and/ 
or the price of the food crops, 
Until 1970, diammonium phosphate (DAP), the principal fertilizer 
used in the MPP, was sold at a constant price or $37 per quintal (lOOkgs.). 18 
As a result of the worldwide increase in fertilizer demand relative to an 
inelastic supply, due to full capacity of fertilizer plants, the price of 
fertilizer increased to $42 per quintal. Conscious of the impact of this 
input price increase on fertilizer use of farmers in general and the smaller 
ones in particular, the government decided to subsidize its use. Thus, 
between 1971 and 1973, the farm-gate price of fertilizer was fixed at $38 
per quintal, which entailed a subsidy of $4 per quintal. The energy crisis 
further increased the C,I.F, fertilizer price, so that the farm-gate price 
was increased to $44 per quintal by 1974, through a subsidy of $6 per quintal. 
Given the ongoing increase in fertilizer price, it is highly unlikely 
whether the government could meet the budgetary cost of additional subsidy, 
It is of course essential that the "optimal" level of subsidy be arrived 
at by determining its cost (essentially budgetary cost and interest and 
storage cost of unsold fertilizer) and benefit (essentially value of food-
crops produced with the fertilizer sold,,), 
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The government can also set a guaranteed minimum farm-gate ~ereal 
price as a complement to or as a substitute for input subsidization, to 
ensure the profitability and hence the accelerated adoption of f'ertilizer. 
The lack of competition in the markets at the village level, the low level 
of market integration due to the poor transport system, and the inability 
oi farmers to postpone sale immediately after harvest due to the poor 
liquidity and high storage loss, all contribute to the low price received 
by farmers, 
Yet, while "incentive" prices promote the adoption of innovations 
and thereby increase f'ood supply in the long-run, they have negative short-
run ef'fects on the distribution of income and employment expansion. 19 In 
short, it is imperative that careful consideration be given to price policy 
so that the potential gains of the new technology are not annulled by a 
misguided economic policy. 
Investment in Adaptive Research 
In his excellent paper on agricultural price policy, Raj Krishna 
concluded that "in measuring the contribution of price movement to agri-
cultural growth we must not lose sight of the fundamental truth that the 
transformation of traditional agriculture is primarily a techno-organi-
zational episode. 1120 The final section of this paper will deal with this 
technological and organizational aspect of the MPP, 
The assumption of the homgeneity of decision-making units in a 
given country, region or sector undoubtedly simplifies the task of both 
researchers and policy makers, However, the extension of this assumption 
to the agricultural sector is problematic since there is tremendous hetero-
geneity among producers in terms of ecology, farm size, tenural conditions, 
cropping patterns, access to modern inputs and inlormation, and so on. 21 
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Despite this, the wholesale importation and implementation of agri-
cultural innovations without care!ul experimentation and adaptation has 
become the norm among LDCs, In their haste to produce results in a short 
time, both national and international development agencies are excessively 
preoccupied with what Hayami and Ruttan have called "material transfer," 
to the neglect of "capacity transfer, 1122 Unlike the former, capacity tran-
sfer involves the institutionalization of local capacity to generate loca-
tion-specific innovations and to undertake systematic adaptive research, 
Such an ~ndea;vio;r:-;r:-eg_uires extremely scarce resources such as scientific and 
technical skills and equipment, Thus, while LDCs cannot be expected to 
undertake complex research activities locally on a grand scale, one is 
astounded by the near-complete absence of even elementary adaptive .research, 
In Ethiopia, each MPP maintains a one-hectare experimental plot, This 
plot is divided into many sections where trials with different fertilizer 
application rates, seed varieties, cultural practices, and crop rotations 
are carried out. While such plots are expected to visually demonstrate 
to the farmers the advantage of the recommended package, they also provide 
the research input to the project to continuously improve and upgrade the 
profitability of the package, 
Despite this seemingly elaborate mechanism, the MPP has been recommending 
a rairly uniform fertilizer rate of 100 kg, diammonium phosphate (18% N and 
48% P2o5) and 50 kg, of urea (36% N) per hectare for nearly all crops in all 
MPPAs, .Giyen the heterogeneity of the farms across MPPAs, particularly in 
the nutrient content and deficiency of the soil, it is no surprise that the 
crops had different yield response to the same fertilizer application. 
Like other "national strategies" (for example, Tanzania's villagi-
zation), the MPP became much more preoccupied in the number of new areas 
it was forming to the neglect of careful assessment of the effectiveness 
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of its pr.ogram in areas in operation, This is a common problem of develop-
ment agencies where the criteria of success gradually become numbers, or 
the extent of geographic coverage, rather than economic viability and effect-
iveness, 
While this is not an ·argument·. against expansion per ~• it is cert-
ainly a plea to development agencies to avoid launching so-called "national 
strategies" before assessing the appropriateness, viability and consequences 
of the various packages they so enthusiastically promote. In short, as 
recent studies have shown that investment in agricultural research gives 
higher rates of return than alternative investments inothei:·more conventional 
ventures, it is essential for national and .international development agencies 
to re-examine their activities. 23 
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